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ABSTRACT

Background: Genetic variations in the promoter of uridine
diphosphate (UDP)-glucuronosyltransferase 1A1 (UGT1A1) may
be associated with hyperbilirubinaemia and it appears to be a
risk factor for gallstone formation.

Aims: Our aim was to detect the correlation between the UGT
1A1 (TA)n repeats and hyperbilirubinaemia and gall stone
formation in Indian sickle cell patients.

Settings and Design:This was a cross-sectional study; which
was carried in an autonomous tertiary care hospital.

Materials and Methods: The study subjects were 50 sickle
cell anaemia and 70 sickle cell B-thalassaemia patients who
were diagnosed by HPLC. The haemogram of the patients was

measured by using an automated cell analyzer, while the serum
bilrubin measurement was done by using a Beckman- CX-9
auto analyzer. The presence of gall stones was detected by ultra
sound examination.

Statistical Analysis: ANOVA and the T-test were applied to
compare the means of the groups. The allele frequencies were
calculated according to the Hardy-Weinberg equilibrium.

Results: The allele, 7/7 TA of the UGT1A1 genotype was more
frequent in the sickle cell patients and it was associated with
hyperbilirubinaemia and gall stone formation.

Conclusions: The allele, 7/7 TA of the UGT1A1 polymorphism
affects the bilirubin levels and the development of gallbladder
stone in the Indian sickle cell patients.
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INTRODUCTION

UGT is encoded by the UGT1A1(uridine diphosphate glucur-
onosyltransferase 1A1) gene at chromosome 2g37.1, whose
genotypes with a reduced enzyme activity, are known to lead to
the Crigler-Najjar syndrome type 1 and type 2 and the Gilbert’s
syndrome [1]. Bilirubin UDP-glucuronosyltransferase 1A1 (UGT1A1)
is the hepatic enzyme that catalyzes the glucuronidation of bilirubin
into a water-soluble conjugated form to facilitate its efficient
excretion [2]. The variation in a (TA) tandem repeat sequence within
the promoter region affects the UGT1A1 gene expression. The wild
type UGT1A1 promoter region contains a (TA)NTAA sequence with
6 (TA) tandem repeats, although variant alleles with 5, 7, and 8 (TA)
repeats have been identified. Persons with the homozygous 7/7
UGT1A1 genotype have the Gilbert syndrome with a phenotype
of mild unconjugated hyperbilirubinaemia from the decreased
UGT1A1 enzyme activity [2-4]. Children with sickle cell anaemia
have a variability in the clinical disease expression, which include
a wide range in the steady-state laboratory parameters. Almost
every child with homozygous HbSS has an elevated serum bilirubin
concentration [5]. Associations among the UGT1A1 promoter
variation, high indirect bilirubin levels, and gallstone formation
have also been reported in B-thalassaemia, haemoglobin E/B-
thalassaemia, and hereditary spherocytosis [6-8]. Bilirubin mono-
glucuronide triggers bilirubin gallstone initiation, as has been
demonstrated in patients with many forms of haemolytic anaemia
[8-10]. Many children with HbSS and hyperbilirubinaemia develop
gallstones with a cumulative incidence of 50%, by adulthood
[11,12].The laboratory and clinical variability in hyperbilirubinaemia
and gallstone formation may reflect environmental factors [13].
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There is a paucity of data in terms of the UGT1A1 variation and
the gall stone formation with hyperbilirubinaemia in Indian sicklers.
Thus, our aim was to detect the UGT1A1 (TA)n repeats with
hyperbilirubinaemia and gall stone formation in Indian sickle cell
patients.

MATERIALS AND METHODS

The subjects were sickle cell patients who attended the out patients
department; All India Institute of Medical Sciences (AIIMS), New
Delhi, India. This study was done in the Department of Haematology
and it was approved by the institutional ethical committee. The
gallbladder examinations were done by ultrasound. About 5 ml blood
sample was collected from the patients after taken their informed
consent. The complete blood count and the red cell indices were
measured by an automated cell analyzer (SYSMEX K-4500, Kobe
Japan). The quantitative assessment of Hb F, Ho A, Hb A2 and
Hb S and the diagnosis of the sickle homozygous and the sickle
beta thalassaemia patients was done by high performance liquid
chromatography (HPLC-Bio-Rad-Variant™Bio Rad, CA, USA). DNA
extraction was performed by the phenol-chloroform method. The
UGT1A1 (TA)n promoter length variability was genotyped according
to the method of Eden et al., [14] (2005). The measurement of serum
bilrubin was done by a Beckman- CX-9 auto analyzer by using the
Randox diagnostic kit. The allele frequency was calculated according
to the Hardy-Weinberg equilibrium. The ANOVA test were applied
to compare the means between the three groups, while the T- test
was applied to compare the means of two groups on the GraphPad
(version 3.06) software. A p-value of <0.05 was considered as
statistically significant.
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RESULT

The study subjects were 50 sickle cell anaemia (32 males and 18
females with a mean age of 11.2+5.4 years) and seventy sickle
cell B-thalassaemia patients (46 males and 24 females with
a mean age of 11.8+5.5 years). The total bilirubin was 3.2+1.3
mg% in the sickle cell homozygous patients and it was 2.5+1.4
mg% in the sickle beta thalassaemia patients. The total bilirubun
value was higher in the sickle cell anaemia patients than in the
sickle beta thalassaemia patients and it was statistically significant
(p-value 0.006), while the unconjugated bilrubin concentration
was 2.1+0.45 mg% in the sickle homozygous patients and it was
1.9+0.38 mg% in the sickle beta thalassaemia patients (p-value
0.009). The TA repeats, 6/6, 6/7 and 7/7 of the UGT1A1 genotype
promoter polymorphism were identified in our cases. The allele
7/7( TA) repeats were more frequent in sickle beta thalassaemia
(54.28%) as well as in sickle homozygous (52%) patients, while the
6/6 TA repeats were 18% in the sickle homozygous patients and
they were 15.71% in the sickle beta thalassaemia patients. The 6/7
TA repeats were 30% in the sickle homozygous as well as in the
sickle beta thalassaemia patients. The allele frequencies of the 6/6,
6/7 and the 7/7 (TA)n repeats in the sickle homozygous patients
was 0.104, 0.436 and 0.456 respectively, while they were 0.094,
0.424 and 0.478 respectively in the sickle B-thalassemia patients .
The bilirubin levels were higher in the 7/7 (TA) genotype in the sickle
cell anaemia patients as well as in the sickle beta thalasseamia
patients and all the values were statistically significant (p-value
<0.05). All the details of the bilirubin levels with the (TA)n genotypes
in the sickle homozygous and in the sickle B-thalassaemia patients
are given in [Table/Fig-1 and 2] respectively. The bilirubin levels in
the sickle homozygous and in the sickle B-thalassaemia patients
with and without the presence of gall stones had a great variability

Mean= SD

6/6 (TA) 6/7 (TA) 7/7 (TA)
Bilirubin N=9 N=15 N=26 P-value
Total bilirubin mg% | 2.97+0.34 | 3.17+0.59 | 3.21+0.45 0.042
Unconjugated 1.83+0.12 | 2.13+0.48 | 2.43+0.35 0.037
bilirubin mg%
M/F ratio 6/3 9/6 15/11 -
Gall stone 0 1 7 -

[Table/Fig-1]: Total

bilirubin and unconjugated bilirubin with (TA)n
repeats in HbSS patients

Meanzx SD

6/6 (TA) 6/7 (TA) 7/7 (TA)
Bilirubin N=11 N=21 N=38 P-value
Total bilirubin mg% | 2.91+£0.27 | 3.15+£0.44 | 3.22+0.54 0.036
Unconjugated 1.77£0.12 | 1.92+0.26 | 2.02+0.44 0.021
bilirubin mg%
M/F ratio 8/3 12/9 23/15 -
Gall stone 0 5 14 -

[Table/Fig-2]: Total bilirubin and unconjugated bilirubin with (TA)n repeats

in HoSP thalassemia patients
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with significant differences (p-value <0.05). Details are given in
[Table/Fig-3]. A higher frequency of the gall stones was present in
male patients than in the female patients, while the patients of the
12-17 years age group presented a higher frequency of gall stone
formation. Details of the age and sex wise presentation of the gall
stones in the sickle homozygous and the sickle B-thalassaemia
patients are given in [Table/Fig-4].

DISCUSSION

The UGT1A1 promoter polymorphism exerts a powerful influence
on the bilirubin levels and the development of gallbladder
disease in sickle cell anaemia [15-19]. Few studies have stated
that the UGT1A1 gene promoter polymorphism and the age-at-
onset of cholelithiasis were strongly correlated [17,20]. A study
also proved that the (TA)7/(TA)(7) genotype may be a risk factor
for the symptomatic gallstones in older people with sickle cell
disease [14]. A study with hydroxyurea in relation to the UGT1A1
gene promoter polymorphism in Indian patients with different
haemoglobinopathies concluded that higher bilirubin levels were
associated with the (TA)(7)/(TA)(7) [21]. The serum bilirubin levels
are elevated in individuals who have a TA repeat polymorphism in
the promoter region or a Gly71Arg polymorphism in the first exon of
the gene [3,20-24]. Individuals with seven TA (7-TA) repeats in the
UGT1A1 promoter have elevated serum bilirubin levels that cause
a mild hyperbilirubinaemia (Gilbert’s syndrome), but individuals with
the more common six TA (B6-TA) repeats do not have this condition
[3,4]. In some cases, the (7)-TA polymorphism as well as other
mutations have also been associated with severe (Crigler-Najjar type
Il disease) hyperbilirubinaemia [22,24-26]. In our cases, the (TA)7
alleles were more frequent in the sickle homozygous as well as in
the sickle B-thalassemia patients. The (TA)7 alleles of the UGT1A1
genotype were significantly associated with hyperbilirubinaemia in
both the groups of patients (p-value <0.05). Gall stones were more
frequent with the 7/7 alleles with hyperbilirubinaemia in the sickle
cell anaemia and the sickle B-thalassaemia patients. Over the past
severalyears, twonew UGT1A1 TArepeat promoter polymorphisms,

18
16 (84.2%)
16

14
B HbSS(n=8)
B HbSB(n=19)

12 11(57.9%)

10

6(31.6%)

2(10.5%) 3(37.5%)

2(25
3(15.8%)

Male

Female

0-5y 6-11y 1217y

[Table/Fig-4]: Age and sex wise presentation of gall stone in HoSS and

HbSpB-thalassemia patients.

Mean+SD Mean+SD
HbSS HbSp
Patients with gall Patients without Patients with gall Patients without
Bilirubin stone N=8 gall stone N=42 P-value stone N=19 gall stone N=56 P-value
Total Bilirubin mg% 3.2+0.54 2.7+0.63 0.015 2.83+0.31 2.3+0.42 <0.001
Unconjugated
Bilirubin mg% 1.76+0.84 1.32+0.43 0.038 1.62+0.63 1.23+0.53 0.01

[Table/Fig-3]: Bilirubin status in HbSS and HbSB patients with and without presence of gall stone
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5-TA and 8-TA, have been identified primarily in individuals of
African descent. A recent experimental work demonstrated that the
four different promoters, (5-TA, 6-TA, 7-TA, 8-TA) had a transient
transcriptional activity that was inversely related to the number of
the TA repeats. In contrast, the concentrations of unconjugated
serum bilirubin which were found in the circulation have been
found to be increase directly with the number of the TA repeat
elements [27-31]. Hence, the UGT1A1 repeat polymorphisms were
predictive of the serum bilirubin concentration and subsequently,
the UGT1A1 genotypes could be indicative of the susceptibility
to or of the protection against the oxidative damage which was
mediated through the modulation of the bilirubin levels. Gallstone
formation was thought to develop from the increased bilirubin
monoglucuronide in comparison to the usually more predominant
diglucuronide form [9]. The primary bilirubin catabolizing hepatic
enzyme, uridine diphosphate (UDP) glucuronosyltransferase 1A1
(UGT1A1) mediates the conjugation of bilirubin into a water-soluble
form that is excreted in bile [32]. A simple dinucleotide repeat
polymorphism, (TA)5-8, in the TATA box of the UGT1A1 gene is
associated with a reduced expression of the hepatic enzyme and
this results in the chronic unconjugated hyperbilirubinaemia that
occurs in Gilbert’s syndrome [3,4,22,33,34]. The coinheritance of
the Gilbert’s syndrome with disorders that increase the turnover of
the red blood cells or their precursors, has been reported to elevate
the bilirubin levels in B-thalassaemia [35,36]. The GE6PD deficiency
and the hydroxyurea therapy response in sickle cell (SS) disease
[37-41]. The variant (TA)7 UGT1AT1 allele was reported to influence
the serum bilirubin levels in patients with chronic haemolytic
anaemia, such as a B-thalassaemia trait or the G6PD deficiency
and it was found to be associated with gallstone formation in her-
editary spherocytosis or homozygous B-thalassaemia [6,8, 42].
Among our cases, adolescents and male patients were found
to be more susceptible to gall stone formation. (TA)6 was less
frequent while (TA)7 more frequent in the sickle homozygous as
well as in the sickle B-thalassaemia patients. Total bilirubin and
unconjugated bilirubin with the frequency of the gall stone were
significantly higher in patients with the (TA)7/(TA)7 genotypes
than in those with other genotypes. These observations of our
study concluded that the 7/7 TA alleles of the UGT1A1 genotype
promoter polymorphism influenced the bilirubin production and the
development of gallbladder stones in Indian sickle cell patients.
This study provided us the clinical phenotype and the genotype
information and it helped us in producing good preliminary results
to explore the clinical trends and the genetic associations of the
UGT1A1 polymorphism in sickle cell patients. Further studies
with a large sample size are required to elucidate the role of the
UGT1A1 polymorphism in gallstone formation and in the symptom
manifestations in sickle cell patients.
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